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Question 1 (12 Marks) 
Figure 1 shows a uniform rigid bar of mass m that is pivoted at point O and connected by 
springs of stiffness k1 and  k2. Considering a small angular displacement theta of the rigid bar 
about point O, determine the equivalent spring constant associated with the restoring moment. 
 
Figure 1 
Question 2 (8 Marks) 
The maximum velocity attained by the mass of a simple harmonic oscillator is 10 cm/s, and the 
period of oscillation is 2 s. If the mass is released with an initial displacement of 2 cm, find: 
a. The amplitude, 
b. The initial velocity 
c. The maximum acceleration, and 
d. The phase angle. 
Question 3 (20 Marks) 
A cyclist can be modelled as a spring-mass-damper system with an equivalent weight, 
stiffness, and damping constant of 800 N, 50,000 N/m, and 1000 N-s/m respectively. The riding 
surface is as indicated in Figure 2. If the speed of the bicycle is 5 m/s (18 km/hr), determine the 
displacement of the rider in the vertical direction. Assume that the bicycle is free of vertical 
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Question 4 (20 Marks) 
The landing gear of a plane can be idealized as the spring-mass-damper system shown in 
Figure 3. If the runway surface is described as y(t) = yo cos 𝜔t, determine the values of k and c 
that limit the amplitude of vibration of the airplane (x) to 0.1 m. Assume m = 2000 kg, yo = 0.2 
m, and 𝜔 = 157. 08 rad/s. 
 
Figure 3 
Question 5 (20 Marks) 
Find the natural frequencies of the system shown in Figure 4, with m1 = m, m2 = 2m, k1 = k, 
and k2 = 2k. Determine the response of the system when k = 1000 N/m, m = 20 kg, and the 
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Question 6 (20 Marks) 
A large rotating machine causes the floor in a factory to oscillate sinusoidally. A punch press is 
to be mounted on the same floor. The displacement of the floor at the point where the punch 
press is to be mounted is measured to be y(t) = 0.1 sin 𝜔Rb t (cm). Using the base support 
model calculate the maximum force transmitted to the punch press at resonance if the press is 
mounted on a rubber fitting of stiffness k = 40,000 N/m, damping, c = 900 N-s/m, and mass m = 
3000 kg. 
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